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Crohn’s diseaseAbstract Purpose: Our aim was to evaluate the role of multi-slice CT enterography in chronic
diarrhea and its degree of correlation with endoscopy and histopathology.
Materials and methods: 50 patients with chronic diarrhea (23 Crohn’s disease, 3 ulcerative colitis, 5
Tuberculous enteritis, 1 Entamoeba infestation, 4 Celiac disease, 5 lymphoma and 10 miscella-
neous) were evaluated by CT enterography. Quantitative image analysis included evaluation of
bowel caliber and wall thickness. Qualitative analysis included anatomical localization of lesions,
assessment of mucosal hyper-enhancement, adhesions, ﬁstula, pattern reversal, lymphadenopathy
and other extra-parietal alterations. Accuracy, sensitivity, speciﬁcity, PPV, NPV were calculated
for Crohn’s, sensitivity and PPV were calculated for lymphoma.
Results: Most Crohn’s lesions affected the ileum, while ulcerative colitis affected the colon with
involvement of the terminal ileum. Celiac disease affected the jejunum primarily while the ileum
was the site of predilection in lymphoma. CT enterography showed a sensitivity of 100%, speciﬁcity
0%, PPV 69.70%, NPV 0% and an accuracy of 69.70% for Crohn’s. In lymphoma, sensitivity and
PPV were both 100%. The miscellaneous intestinal lesions were categorized as 1 true positive and 9
false negative cases.
Conclusion: CT enterography is a valuable tool in the diagnostic armamentarium of bowel disor-
ders presenting with chronic diarrhea.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Chronic diarrhea is a common patient complaint, with an esti-
mated prevalence of 5%. Diarrhea is deﬁned as >200 g/day of
stool with decreased consistency, and chronic diarrhea is
deﬁned as lasting more than 4 weeks (1). A wide range of prob-
lems can cause chronic diarrhea; some of the most common
causes include irritable bowel syndrome, inﬂammatory bowel
Table 1 Demographic data of the patients.
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syndromes, and chronic infections (2).
Computed tomography (CT) enterography has proved to
be a valuable diagnostic tool for the evaluation of small bowel
disease. Raptopoulos et al. introduced the term CT enterogra-
phy in 1997 in reference to a modiﬁed abdominal CT technique
tailored to address small bowel Crohn’s disease (3,4). CT
enterography combines the improved spatial and temporal
resolution of multi-detector row CT with large volumes of
ingested neutral enteric contrast material to permit visualiza-
tion of the small bowel wall and lumen. Adequate luminal dis-
tention can usually be achieved with oral hyper hydration,
thereby obviating nasoenteric intubation and making CT
enterography a useful, well tolerated study for the evaluation
of diseases affecting the mucosa and bowel wall (5,6) .It is par-
ticularly useful for differentiating between active and ﬁbrotic
bowel strictures in patients with Crohn’s disease, thus enabling
selection of the most appropriate treatment (medical manage-
ment or intervention) for an improved outcome. CT enterogra-
phy allows excellent visualization of the entire thickness of the
bowel wall and depicts extra enteric involvement as well, pro-
viding more detailed and comprehensive information about
the extent and severity of the disease process (7).
Crohn’s disease could be missed by ileocolonoscopy if the
condition skips the distal ileum or is limited to the mesentery
or intramural portion of the bowel wall, but CT enterography
can aid its detection and can complement endoscopic assess-
ment (8).
CT enterography has also become an important alternative
to traditional ﬂuoroscopy in the assessment of other small
bowel disorders such as Celiac sprue and small bowel neo-
plasms (5).
Indeed, improved CT resolution now permits better depic-
tion of the small bowel, colon, and mesenteric lymph nodes, all
of which are affected by Celiac disease. Detection of Celiac dis-
ease with CT will allow treatment to be initiated to prevent the
signiﬁcant morbidity and increased mortality associated with a
delay in diagnosis (9).
The aim of this work was to evaluate the role of multi-slice
CT enterography in different bowel diseases that cause chronic
diarrhea and its degree of correlation with endoscopic and his-
tologic ﬁndings in those patients. We describe our method for
performing CT enterography and achieving small bowel dis-
tention. We also illustrate CT enterographic ﬁndings in the
most common diseases encountered in our series, including
Crohn’s disease, ulcerative colitis, infectious and neoplastic
lesions, malabsorption and other miscellaneous intestinal
diseases.Age
Range 12–75






Chronic diarrhea 50 100
Abdominal pain 36 72
Loss of weight 35 70
Recurrent vomiting 11 222. Patients and methods
2.1. Patients
From December 2012 to October 2014, 50 patients who had
been referred for multi-slice CT enterography because of clin-
ical evidence of chronic diarrhea were included in this study
(21 females and 29 males; age range: 12–75 years, mean age:
40.26 ± 14.5). The institutional review board approved the
study.
All patients presented with diarrhea lasting more than
4 weeks (3 or more bouts/day). Other inclusion criteria wereclinical evidence of abdominal pain (n= 36), loss of weight
(n= 35) and recurrent vomiting (n= 11). Demographic data
of the patients are presented in Table 1.
We excluded patients with inadequate or incomplete
laboratory, endoscopic investigations or histopathologic proof
of diagnosis. Also patients with lactose intolerance, possible
intestinal obstruction, history of abdominal surgery or radia-
tion therapy, pregnancy, renal insufﬁciency, documented reac-
tion to iodinated contrast material and inability to tolerate a
10-s breath-hold during abdominal examination were excluded
as well.
2.2. Imaging protocol
The goal and procedure of the study were explained to each
patient to ensure compliance. CT imaging was performed with
a 64-channel multi-slice CT scanner (Toshiba Aquillion). The
patients fasted for at least 6 h prior to the examination without
any other bowel preparation.
Patients were instructed to drink a large volume of neutral
oral contrast medium solution: a mixture of 1250 cc of water
and 250 cc of lactulose (67%) over a duration of 50 min in a
continuous regular manner (250 cc every 10 min).
Also, the patients were instructed to follow the breath-hold
technique. The examination takes about 10 s in 64-channel
multi-slice CT scanners.
A large bore (18-gauge) intravenous line was placed in the
antecubital fossa. Intravenous IV spasmolytic drug (Hyoscine-
N-butyl bromide 0.2 mg/kg body weight) was given just before
imaging to relax any smooth muscle spasm that may mimic
bowel wall thickening and abnormal enhancement. Six
patients did not take the spasmolytic drug due to the presence
of contraindications that were glaucoma, cardiac disease and
prostatic enlargement.
70–120 ml of non-ionic contrast medium Iopromide
(Ultravist 300; Berlin, Germany) according to body build
(1.5 ml/kg body weight) was given intravenously by infusion
pump at a rate of 3 ml/s.
The patient lies supine on the examination table and images
were obtained from the diaphragm superiorly down to the
symphysis pubis inferiorly as determined from the scout image.
Enteric phase images were obtained at 40 s after initiation of
IV contrast. All imaging was performed with slice collimation
2.5 mm, pitch 1–1.5, matrix 512 · 512, 200–350 mA and
120–140 kV. Total scanning time was 6–10 s.
Abdominal CT enterography as an imaging tool for chronic diarrhea 277From this data set, the technologist generated a set of axial
3 mm sections and a set of 3 mm thick coronal and sagittal
multiplanar reformatted images at 3 mm intervals encompass-
ing the entire bowel.
2.3. Image analysis
All images were transferred to an independent workstation
(Vitrea version 6.0.1120.5944) and were independently
reviewed and analyzed by two experienced radiologists having
knowledge of clinical but no endoscopic or histologic informa-
tion at that time. Segment by segment interpretations were
then discussed and determined by consensus.
The quantitative analysis included an evaluation of bowel
caliber and wall thickness:
– Bowel loops with a mean diameter reaching 3.5 cm in the
jejunum and 2 cm in the ileum were considered normal (10).
– In a well-distended bowel, any wall thickness greater than
3 mm was considered abnormal. Mural thickening, in turn,
was classiﬁed under two categories: mild (3–5 mm) and
moderate-to-severe (>5-mm). The colonic wall can vary
from 1 to 2 mm when the lumen is well distended to
5 mm when the wall is contracted or the lumen is collapsed
(5,11–13).
The qualitative analysis included:
– Adequacy of luminal distension.
– Anatomical location (extent and localization) of the disease:
Intestinal disease was classiﬁed as jejunal, ileal, cecal and
other colonic segment affection.
– Presence or absence of mucosal hyper-enhancement (seg-
mental increased attenuation of the bowel wall compared
with the attenuation of normal-appearing ileum) (14).
– Thickness and aspect of valvulae conniventes: valvulae con-
niventes which are about 2 mm thick in the distended jeju-
num and about 1 mm thick in the ileum and absent if the
ileum is maximally distended were considered to be normal
(10).
– The presence of adhesions, strictures, ﬁstula, abscess, pat-
tern reversal and skip lesions.
– Extra-parietal alterations, such as prominent vasa recta,
increased mesenteric fat attenuation and lymphadenopathy
(diameter < or > 1 cm).
Our reference standards included laboratory, endoscopic
data and histopathological proof of diagnosis in all lesions.Diagram 1 The distribution of pathological ﬁndings of the
studied group.2.4. Statistical analysis
Statistical analysis was performed with SPSS (Statistical
Package for the Social Sciences) V21. The percentile prevalence
of the multislice CT enterography ﬁndings among different
pathological lesions presenting clinically with chronic diarrhea
was evaluated. Based on our reference standards, results of the
qualitative and quantitative analysis of CT enterography images
were classiﬁed as true positive, true negative, false positive and
false negative for the diagnosis of Crohn’s. The same was done
for lymphoma and for miscellaneous intestinal lesions. These
results were entered into 3 separate excel worksheets.Sensitivity, speciﬁcity, positive predictive values (PPV), negative
predictive values (NPV), accuracy were then calculated for CT
enterography in Crohn’s disease, while the sensitivity and PPV
of CT enterography were evaluated in lymphoma.
3. Results
The ﬁnal histopathological diagnosis for the intestinal lesions
in this study included 26 inﬂammatory cases (Diagram 1): 23
(64%) Crohn’s disease and 3 (6%) ulcerative colitis, 5 infec-
tious cases: 4 (8%) tuberculous (TB) enteritis and 1 (2%)
Entamoeba infestation, 4 (8%) cases with malabsorption
Celiac disease, 5 (10%) lymphoma and 10 (20%) miscellaneous
cases. The miscellaneous cases included 6 cases of non-speciﬁc
ileitis, 2 cases of telangiectasia, 1 case of diverticulitis and 1
case of mixed hyperplastic and adenomatous polyps.
Inﬂammatory bowel disease was commonest in the 3rd dec-
ade, infectious lesions in the 3rd and 5th decades, neoplastic
lesions in the 6th decade while malabsorption was equally pre-
sent in the 3rd, 4th, 5th and 6th decades (Diagram 2).
Anatomical location of the intestinal disease (Table 2 and
Diagram 3)
Intestinal disease was classiﬁed as either affecting the jeju-
num, ileum, cecum or other colonic segments or various com-
binations of those sites. Most intestinal lesions were seen
within the ileum and particularly the terminal ileum (20
(52.6%) out of 38 cases (57%)). The ileum was affected in 38
cases (57.7%), while the jejunum was affected in 12 cases
(18.1%) and the cecum in 8 cases (12.1%). Other colonic seg-
ments were affected in 8 cases (12.1%).
Lesions proved to be Crohn’s were seen within the ileum
(Fig. 1) and other small bowel segments rather than the colon,
while cases of ulcerative colitis were localized to the large bow-
el with involvement of the terminal ileum. Celiac disease affect-
ed the jejunum primarily while the ileum was the site of
predilection in lymphoma cases.
Multi-slice CT enterography ﬁndings (Tables 3 and 4 and
Diagrams 4–8)
Characteristic individual multi-slice CT enterography imag-
ing ﬁndings included: mural thickening, bowel dilatation,
mucosal hyper enhancement, adhesions, strictures, lym-
phadenopathy, ﬁstula (Fig. 2), abscess formation, pattern
reversal (Fig. 3) and skip lesions.
Diagram 2 The prevalence of different pathological categories in
relation to the patient’s age.
Table 2 Distribution of the lesions at different intestinal
segments and their percentage.




Other colonic segments 8 12.1
Diagram 3 The prevalence of lesions at different intestinal
segments.
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Mural thickening deﬁned as mural wall thickness exceeding
3 mm, was seen in 43 (86%) patients: 25 (58.14%) had mild
(3–5 mm) mural thickening: 14 (56%) cases of Crohn’s disease,
3 (12%) cases of TB, 1 (4%) entamoeba infestation case and 7
(28%) miscellaneous cases. 18 (41.86%) had moderate to sev-
ere (>5 mm) mural thickening: 9 (50%) cases of Crohn’s dis-
ease, 3 (16.7%) cases of ulcerative colitis, 5 (27.8%) cases of
lymphoma (27%) and 1 (5.5%) case of TB.
3.2. Bowel dilatation
It was deﬁned as a bowel caliber exceeding 3.5 cm in the jeju-
num and 2 cm in the ileum. Bowel dilatation was seen in 6
(12%) cases, 5 (83.3%) lymphoma cases (Fig. 4) and 1 (16.7)
Celiac disease case.
3.3. Mucosal hyper-enhancement
Mucosal hyper enhancement was seen as a segmental increased
attenuation of the bowel wall compared with the attenuation
of normal-appearing ileum. It was detected in 38 (76%) casesas follows: 21 (55.3%) cases with Crohn’s disease, 3 (7.9%)
cases with ulcerative colitis, 1 (2.6%) case of celiac disease, 3
(7.9%) cases of TB, 1 (2.6%) case of Entamoeba infestation,
2 (5.3%) cases of lymphoma and 7 (18.4%) miscellaneous
cases.
3.4. Adhesions
Adhesions were seen in 8 (16%) cases as follows: 5 (62.5%)
cases with Crohn’s disease, 2 (25%) had TB and 1 (12.5%)
lymphoma case.
3.5. Lymph nodes
Lymph nodes were seen in 20 (40%) cases as follows: In 10 cas-
es, lymphadenopathy was >1 cm. 7 of them presented with
Crohn’s disease, 1 with TB, 1 with entamoeba infestation
and 1 was a miscellaneous case. In the other 10 cases, lym-
phadenopathy was <1 cm. 5 of them had lymphoma, 2 had
TB (Fig. 5) and 3 had celiac disease.
CT enterography showed a sensitivity of 100%, speciﬁcity
0%, PPV 69.70%, NPV 0% and an accuracy of 69.70% for
Crohn’s disease. In lymphoma, sensitivity and PPV were both
100%. As regarding the miscellaneous intestinal lesions, 6 cas-
es of nonspeciﬁc ileitis, 2 cases of intestinal telangiectasia and 1
case of mixed hyperplastic and adenomatous polyps were diag-
nosed as Crohn’s by CT enterography. CT enterography cor-
rectly diagnosed 1 patient with diverticulitis. We therefore
classiﬁed the miscellaneous intestinal lesions presenting with
chronic diarrhea as 9 false negative cases and 1 true positive
case by CT enterography.
4. Discussion
The recent development of faster machines, the rapid increase
in the spatial resolution with the introduction of multidetector
CT and better multiplanar reconstructions have modiﬁed the
approach to bowel imaging (13,15) and CT has become one
of the most important techniques to evaluate patients present-
ing with chronic diarrhea with underlying suspected or known
bowel disease. CT enterography is a new non-invasive imaging
technique that offers superior small bowel visualization com-
pared with standard abdomino-pelvic CT, and provides com-
plementary diagnostic information to capsule endoscopy and
magnetic resonance (MR) enterography (16).
Patient compliance is central to the success of CT enterog-
raphy, and supervision and encouragement during the drink-
ing phase is recommended. All of our patients presented
good tolerance to the volume and the interval of administra-
tion of the oral contrast medium. We performed helical scan-
ning from the diaphragm to the symphysis pubis, beginning
40–50 s after the administration of IV contrast material, and
included a single (enteric) phase for all cases.
Our results showed that the maximum diameter of the jeju-
nal loops is 3 cm, that of ileal loops is 2 cm and the small
intestinal normal wall thickness is 3 mm. The valvulae con-
niventes are about 2 mm thick in the distended jejunum and
about 1 mm thick in the ileum and are absent if the ileum is
maximally distended. These ﬁndings were also noted by
Fernandes et al. who noted that the maximum diameter of
the jejunal loops is 4 cm and of the ileal loops 3 cm. The
Fig. 1 Crohn’s disease: 30 years old male patient with chronic diarrhea, vomiting and loss of weight. (a) Coronal reformatted CT
enterographic image shows intense uniform enhancement of the ileal loops with short narrowed segments alternating with normal
calibered ones. (b and c) Coronal reformatted CT enterographic images show engorgement of vasa recta (+ve comb’s sign) and multiple
subcentimetric mesenteric LNs. Upper and lower GIT endoscopies showed ileitis and gastritis. Histopathology revealed terminal ileum
Crohn’s disease.
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about 2 mm thick in the distended jejunum, becoming more
spiral shaped and about 1 mm thick in the ileum. They may
be absent in the distended terminal ileum, resulting in a rather
featureless outline (17).
Ilangovan et al. classiﬁed mural thickening as mild 3–4 mm
seen in hypoalbuminemia, infectious enteritis, mild Crohn’s
disease, moderate 5–9 mm seen in Crohn’s disease, earlyadenocarcinoma and lymphoma and severe >10 mm seen in
Crohn’s disease and neoplasms including lymphoma (16). In
our study we found that 14 cases of Crohn’s disease and 3 cas-
es of TB enteritis showed mural thickening <5 mm while 9
cases of Crohn’s disease, 1 case of TB enteritis and all 5 cases
of lymphoma showed mural thickening >5 mm.
Our study showed that Celiac disease tends to affect the
proximal small bowel, where a paucity of small-bowel folds
Table 3 Multi-slice CT enterography ﬁndings of the studied
group.
Imaging ﬁndings Number Percentage (%)
Mural thickening
3–5 mm 25 50
>5 mm 18 36
Bowel dilatation 6 12




<1 cm 10 20
>1 cm 10 20
Fistula 2 4
Abscess formation 2 4
Pattern reversal 3 6
Skip lesions 11 22
Diagram 4 Percentile prevalence of mural thickening in different
pathological lesions.
Diagram 5 Prevalence of bowel dilatation in different patho-
logical lesions.
Diagram 6 Prevalence of mucosal hyper enhancement among
different pathological ﬁndings.
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with small bowel dilatation, non-occlusive intussusceptions,
mild asymmetric intestinal wall thickening and prominent
intestinal mucosal folds at the ileum. These ﬁndings were also
noted by Scholz et al. (18).
Mallant et al. stated that a reversed jejunoileal fold pattern,
which presumably is caused by a compensatory response of the
ileum to severe villous atrophy of the proximal small bowel, is
highly suggestive of Celiac disease (19). This feature associates
ileal jejunization with a major loss of jejunal folds (20). In our
study these features were well visualized in all 4 Celiac disease
cases.
Our cases showed prominence of upper mesenteric lymph
nodes is a feature of Celiac disease. 3 cases of Celiac disease
had mesenteric LNs <1 cm. Scholz et al. also stated that
mesenteric lymph node enlargement, low-attenuation lymph
nodes, and cavitating lymph nodes are well-described features
of Celiac disease (18).
Soyer et al. reported that bowel-wall thickening and ascites
are less frequent in Celiac disease (20). In our study, 1 patient
with a pathological diagnosis of Celiac disease had bowel
dilatation at CT enterography.
We found that the onset of Crohn’s disease in our patients
was between 20 and 40 years with no signiﬁcant difference
between men and women. Pimental et al. also reported that
many people with Crohn’s disease had symptoms for years priorTable 4 Percentile prevalence of multi-slice CT enterography ﬁndings among different pathological lesions (n= number).
Pathological diagnosis Crohn’s Ulcerative colitis Entamoeba Lymphoma TB Celiac Miscellaneous
CT enterography ﬁndings
1. Mural thickening
a. 3–5 mm n= 14 (56%) 0 1 (4%) 0 3 (12%) 0 1 (28%)
b. >5 mm n= 9 (50%) 3 (16.7%) 0 5 (27.8%) 1 (5.5%) 0 0
2. Bowel dilatation 0 0 0 5 (83.3%) 0 1 (16.7%) 0
3. Mucosal hyper enhancement n= 21(55.3%) 3 (7.9%) 1 (2.6%) 2 (5.3%) 3 (7.9%) 1 (2.6%) 7 (18.4%)
4. Adhesions n= 5(62.5%) 0 0 1 (12.5%) 2 (25%) 0 0
5. Lymph nodes
a. <1 cm n= 7(70%) 0 1 (10%) 0 1 (10%) 0 1 (10%)
b. >1 cm n= 0 0 0 5 (50%) 2 (20%) 3 (30%) 3 (30%)
Diagram 7 Prevalence of adhesions among different patho-
logical lesions.
Diagram 8 Percentile prevalence of lymphadenopathy among
different pathological ﬁndings.
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age, with no difference between men and women (21).
Maltz reported that in nearly half of patients, Crohn’s dis-
ease was seen in both the small and large bowel. In
approximately one third of patients, inﬂammation was isolated
to the small bowel (mostly in the terminal ileum) (22).
Inﬂammation was conﬁned to the colon in up to 20% of
patients while Laghi et al. stated that the ileum is the most
common site affected in Crohn’s disease (23).
Our study showed that more evident lesions were seen with-
in the ileum and other small bowel segments rather than the
colon.
In our study, radiological ﬁndings of Crohn’s disease at CT
enterography included mucosal hyper enhancement, mural
thickening and stratiﬁcation, transmural ulceration, mesenteric
inﬂammation, engorgement of vasa recta and strictures associ-
ated with upstream dilatation. Similar ﬁndings were found by
Ilangovan et al. (16). Elsayes et al. stated that mural enhance-
ment is the most sensitive indicator of active Crohn’s disease
and care should be taken to compare bowel loops with similar
distention, since both the jejunum and normal collapsed loops
may demonstrate regions of higher attenuation simulating
enhancement (7). This was also noted in our study.
Scholz et al. stated that in Crohn’s disease, nodal prolif-
eration is noted near the diseased bowel segments, usually
adjacent to the terminal ileum, the most common small bowel
region affected by this disease (9). This was also noticed in our
cases.Colombil et al. found that prominence of the vasa recta
adjacent to the inﬂamed loop of bowel is termed the ‘‘comb
sign’’. This sign, along with increased mesenteric fat atten-
uation, is the most speciﬁc CT feature of active Crohn’s disease
(24). This was also noted in our study in association with
prominent regional lymph nodes.
In our study we found that 14 cases of Crohn’s disease
showed mural thickening <5 mm and 9 cases had mural thick-
ening >5 mm. Elsayes et al., stated that CT features of active
Crohn’s disease include mucosal hyper enhancement and wall
thickening >3 mm (7).
Boudiaf et al. stated that in all cases of Crohn’s disease,
multi-slice CT enterography accurately demonstrated the
mural and extramural inﬂammatory changes that are caused
by the disease. Multiplanar reformatted multi-slice CT
enterography images helped to determine the length of the
affected portion of the small bowel (25). In our study we had
axial images, coronal as well as sagittal reconstructed images
for adequate evaluation and assessment of bowel wall involve-
ment. Skip lesions were present in 11 cases of Crohn’s disease.
In our study we found that 2 cases of Crohn’s disease had
ﬁstulae .In one case it was with the adjacent bowel loop and in
the other case the ﬁstulous tract reached the skin and dis-
charged pus. Bruining et al., found that in a series of 357
patients with Crohn’s disease, 20.7% had penetrating disease,
with ﬁstulae being the most prevalent form (26).
Multi-slice CT enterography has previously been suggested
for increasing the diagnostic accuracy and evaluation of small
bowel Crohn’s disease. In a study conducted by Bodily et al.,
quantitative measures of terminal ileal mural attenuation and
wall thickness at CT enterography correlated signiﬁcantly with
active Crohn’s disease at endoscopic and histopathology
(p< 0.001). CT enterography showed an overall sensitivity
of 90%, with mural hyper enhancement showing the highest
sensitivity for predicting the presence of active inﬂammatory
disease, with a sensitivity of 80% for patients with deﬁnitive
active Crohn’s disease and 69% for patients with probable
or deﬁnite active Crohn’s disease (14). In our study, CT
enterography correctly identiﬁed 23 cases with a ﬁnal diagnosis
of Crohn’s at pathology. In 10 cases, CT enterography features
were suggestive of Crohn’s but nonspeciﬁc ileitis, telangiec-
tasia, infectious enteritis and mixed hyperplastic, adenomatous
polyps were found at endoscopy/histopathology studies. CT
enterography showed a sensitivity of 100%, speciﬁcity 0%,
PPV 69.70%, NPV 0% and an accuracy of 69.70% for
Crohn’s disease. In a study conducted by Siddiki et al., the sen-
sitivity of CT enterography for detecting active small-bowel
Crohn’s disease was 95.2% (p= 0.32) (27).
With our patients, CT enterography did not identify cases
with a ﬁnal diagnosis of Crohn’s in which the ileal mucosa
appeared normal at ileocolonoscopy. In the study by Siddiki
et al., CT enterography identiﬁed eight cases (24%) with a ﬁnal
diagnosis of active small-bowel inﬂammation in which the ileal
mucosa appeared normal at ileocolonoscopy (27).
In our study we noticed that ulcerative colitis affects the
large bowel without skip lesions and in all 3 cases of ulcerative
colitis presenting with chronic diarrhea, there was affection of
the ileum. Elsayes et al. also stated that ulcerative colitis is
characterized by a continuous pattern of bowel wall involve-
ment, starting from the rectum, without evidence of skip
lesions and it predominantly involves the large bowel but
Fig. 2 Crohn’s disease and right iliac fossa ﬁstula: 40 years old male patient with chronic watery diarrhea, loss of weight and abdominal
pain (right iliac fossa) with a sinus tract discharging pus. (a and b) Coronal reformatted CT enterographic images (c and d) axial CT
enterographic images show mural thickening and hyper enhancement of the ileal loops more evident at the terminal ileum with alternating
normal skip areas in between. Mural thickening and hyper enhancement of the cecum and part of the ascending colon is also seen adherent
to the right iliacus muscle with smudging of surrounding fat planes. An overlying right iliac fossa ﬁstulous tract is seen opening at the skin.
Ultrasound showed a right iliac fossa mass. Lower GIT endoscopy showed colitis. Histopathology revealed Crohn’s disease.
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Fig. 3 Celiac disease: 40 years old female patient with chronic diarrhea and bleeding per rectum. (a and b) Coronal reformatted CT
enterographic images and (c) axial CT enterographic image show reduced jejunal and prominent ileal mucosal folds (reversed fold pattern)
and multiple enlarged mesenteric LNs. Upper GIT endoscopy showed chronic atrophic gastritis and duodenitis. Lower GIT endoscopy
showed ileitis. Histopathology revealed malabsorption syndrome: Celiac disease.
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‘‘backwash ileitis’’ and extraintestinal manifestations may
occur but are uncommon (7).
Elsayes et al. stated that lymphoma is more likely to occur
in the ileum than in other small bowel segments. It might man-
ifest as a nodular ﬁlling defect, discrete polyp, inﬁltrating
lesion, or exoenteric mass, and it is usually associated with sig-
niﬁcant lymphadenopathy (7). This was also shown in our
study. Sangeet et al. also reported that the distal ileum is clas-
sically thought to be the most common site of small bowel B-
cell lymphoma because of the greater amount of lymphoid tis-
sue in this portion of the bowel (28).
Sangeet et al. stated that gastrointestinal lymphoma has a
wide variety of imaging appearances. Although there is no
characteristic appearance, features such as a bulky mass or dif-
fuse inﬁltration with preservation of fat planes and no intesti-
nal obstruction, multiple site involvement and associated
bulky lymphadenopathy are suggestive of lymphoma (28).
Our results showed that 75% of cases with intestinal lym-
phoma displayed circumferential intestinal wall thickeningand aneurysmal dilatation of the bowel lumen with no sig-
niﬁcant intestinal obstruction and this was the most common
presentation of lymphoma. Abdominal lymph node enlarge-
ment was detected in all patients and their size was >1 cm.
In lymphoma, sensitivity and PPV of CT enterography were
both 100%.
As regarding the miscellaneous intestinal lesions, 6 cases of
nonspeciﬁc ileitis, 2 cases of intestinal telangiectasia and 1 case
of mixed hyperplastic and adenomatous polyps were diag-
nosed as Crohn’s by CT enterography. CT enterography cor-
rectly diagnosed 1 patient with diverticulitis. We therefore
classiﬁed the miscellaneous intestinal lesions presenting with
chronic diarrhea as 9 false negative cases and 1 true positive
case by CT enterography.
Our study has several limitations. We relied on the histolog-
ic and endoscopic data in ascertaining a ﬁnal diagnosis of
Crohn’s disease. As a result any mucosal hyper enhancement,
no matter how convincing radiologically on CT enterography
was reported as false-positive lowering the obtained speciﬁcity.
In the future it may be useful for the radiologist to highlight
Fig. 4 Nonhodgkin lymphoma: 60-year-old female patient with chronic diarrhea, loss of weight and recurrent abdominal pain. (a and b)
Coronal reformatted CT enterographic images show focal aneurysmal dilatation of a jejunal loop associated with marked circumferential
wall thickening and hyper enhancement. Multiple enlarged para-aortic, splenic, porta-hepatis and mesenteric LNs are also noted. (c and d)
Coronal reformatted CT enterographic images show hepatomegaly and splenomegaly with a splenic focal lesion. Gastro-intestinal tract
(GIT) endoscopy and histopathology revealed a jejunal loop neoplastic mass lesion (Nonhodgkin lymphoma).
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reviewed by the gastro-enterologist at corrective ileoscopy to
possibly reduce the bias against CT enterography.
The current sample size (n= 50) had limited statistical
power and allowed us to detect only large differences in test
performance. Especially, we acknowledge the small sample
population presenting with lymphoma, as only 5 cases of small
bowel lymphoma were found in our study.
We performed CT enterography in the enteric phase only.
Although the enteric phase has been recognized as thetemporal window that allows maximum enteric enhancement
(12), it is unclear whether, it is the best phase to maximize
the attenuation difference between normal and inﬂamed bow-
el. Also evaluation of mucosal hyper enhancement was
through a qualitative visual appreciation and we did not apply
a quantitative measurement of ileal mural attenuation in
Hounsﬁeld Unit. Nevertheless, we believe that these results
are a standard representation of our clinical practice.
Future studies will be needed to determine the interobserver
reproducibility of speciﬁc CT enterography ﬁndings, to
Fig. 5 Tuberculous enteritis: 25 years old male patient with chronic diarrhea, loss of weight, fever and abdominal pain. (a and b)
Coronal reformatted CT enterographic images (c and d) axial CT enterographic images show diffuse mural thickening and enhancement
of bowel loops. They appear as if matted together with no clear mesenteric fat planes in between. Diffuse omental thickening and multiple
centimetric mesenteric LNs are also seen. Tuberculin test was positive. Ultrasound examination showed diffuse thickening of the intestinal
loops with omental thickening. Histopathology revealed tuberculous enteritis.
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to determine the interrelationship between visual and quantita-
tive measurements.
5. Conclusion
Multi-slice CT enterography is a valuable and complementary
addition to endoscopy/pathology in the diagnosticarmamentarium of small bowel disorders presenting clinically
with chronic diarrhea. Adequate luminal distention can usual-
ly be achieved with oral ingestion of a large volume of neutral
enteric contrast material in the evaluation of diseases affecting
the mucosa and bowel wall, thereby obviating nasogastric
intubation and making CT enterography a useful, well-tolerat-
ed study in this setting. Particularly, it shows great sensitivity
in the diagnosis of patients with Crohn’s disease. It accurately
286 M. El-Kalioubie, R. Alidetermines the extent and severity of the lesions, and both
qualitative and quantitative imaging ﬁndings correlate strongly
with ileoscopic and histologic ﬁndings of Crohn’s disease.
Wide availability of multidetector row CT platforms and
examination efﬁciency with good patient tolerance will ensure
a signiﬁcant role for CT enterography. Integration of imaging
end points and mucosal inspection and biopsy of the small
bowel will yield the most accurate representation of small bow-
el disorders presenting with chronic diarrhea.
Conﬂict of interest
The authors declare no conﬂict of interests.
Acknowledgment
The authors would like to thank Dr. Ahmed-El-Kalioubie in
the Department of ICU, Lille University, France for his help
in statistical analysis.
References
(1) Sandhu DK, Surawicz C. Update on chronic diarrhea: a run-
through for the clinician. Curr Gastroenterol Rep
2012;14(5):421–7.
(2) Juckett G, Trivedi R. Evaluation of chronic diarrhea. Am Fam
Physician 2011;84(10):1119–26.
(3) Raptopoulos V, Schwartz RK, McNicholas MM, Movson J,
Pearlman J, Joffe N. Multiplanar helical CT enterography in
patients with Crohn disease. AJR Am J Roentgenol
1997;169:1545–50.
(4) Rosen MP, Siewart B, Sands DZ, Bromberg R, Edlow J,
Raptopoulos V. Value of abdominal CT in the emergency
department for patients with abdominal pain. Eur Radiol
2003;13:418–24.
(5) Paulsen SR, Huprich JE, Fletcher JG, Booya F, Young BM,
Fidler JL, et al. CT Enterography as a diagnostic tool in
evaluating small bowel disorders: review of clinical experience
with over 700 cases. RadioGraphics 2006;26:641–62.
(6) James EH, Joel GF, Fidler JL, Llano E. Prospective blinded
comparison of wireless capsule endoscopy and multiphase CT
enterography in obscure gastrointestinal bleeding. Radiology
2011;260:744–51.
(7) Elsayes K, Al Hawary MM, Jagdish J, Ganesh HS, Platt JF. CT
Enterography: principles, trends, and interpretation of ﬁndings.
RadioGraphics 2010;30:1955–70.
(8) Andy M. CT enterography improves detection if Crohn’s disease
skips the distal ileum. Nat Rev Gastroenterol Hepatol
2012;304(10):1038.
(9) Scholz FJ, Afnan J, Behr SC. MD CT ﬁndings in adult Celiac
disease. RadioGraphics 2011;31:977–92.
(10) Federle MP, Jeffrey RB, Kallman P, Anne VS. Diagnostic
imaging textbook abdomen. Small intestinal diseases, 2nd ed.,
vol. 31; 2010. p. 5–117.
(11) Macari M, Megibow AJ, Balthazar EJ. A pattern approach to the
abnormal small bowel: observations at MDCT and CT enterog-
raphy. AJR Am J Roentgenol 2007;188:1344–55.(12) Horton KM, Corl FM, Fishman EK. CT evaluation of the colon:
inﬂammatory disease. RadioGraphics 2000;20:399–418.
(13) Fisher JK. Abnormal colonic wall thickening on computed
tomography. J Comput Assist Tomogr 1983;7:90–7.
(14) Bodily KD, Fletcher JG, Solem CA, Johnson CD, Fidler JL,
Barlow JM. Crohn’s disease. Mural attenuation and thickness at
contrast enhanced CT enterography. Correlation with endoscopic
and histologic ﬁndings of inﬂammation. Radiology
2006;238:505–16.
(15) Minordi LM, Vecchioli A, Poloni G, Bonomo L. CT enteroclysis:
multidetector technique (MDCT) versus single-detector technique
(SDCT) in patients with suspected small-bowel Crohn’s disease.
Radiol Med 2007;112:1188–200.
(16) Ilangovan R, Burling D, Taylor SA. CT enterography: review of
technique and practical tips. Br J Radiol 2012;85(1015):876–86.
(17) Fernandes TC, Castro R, Pinto D, Oliveira MI, Carneiro A,
Cunha R. Bowel wall thickening – a complex subject made simple.
Electronic Poster presented at 2011 ESGAR meeting. doi: http://
dx.doi.org/10.5444/esgar2011/EE-063#_blank.
(18) Scholz FJ, Afnan J, Behr SC. CT ﬁndings in adult Celiac disease.
RadioGraphics 2011;31:977–92.
(19) Mallant M, Hadithi M, Al-Toma A, Kater M, Jacobs M,
Manoliu R, et al. Abdominal computed tomography in refrac-
tory coeliac disease and enteropathy associated T-cell lymphoma.
World J Gastroenterol 2007;13(11):1696–700.
(20) Soyer P, Boudiaf M, Fargeaudou Y, Dray X, Hamzi L, Vahedi K,
et al. Celiac disease in adults: evaluation with MDCT entero-
clysis. Am J Roentgenol 2008;191:1483–92.
(21) Pimental M, Micheal C, Evelyn J, Chow BA, Tabibzadeh S, Kirit-
Kiriak V. Identiﬁcation of a prodromal stage in Crohn’s disease.
Am J Gastroenterol 2003;95(12):3458–62.
(22) Maltz C. Crohn’s disease. Emerg Med 2001(A):47–9.
(23) Laghi A, Paolantonio P, Catalano C, Dito L, Carbone I, Barbato
M, et al. MR imaging of the small bowel using polyethylene
glycol solution as an oral contrast agent in adults and children
with celiac disease: preliminary observations. AJR 2003:141–9.
(24) Colombil J, Solem C, Sandborn W, Booya F, Loftus Jr EV,
Harmsen WS, et al. Quantitative measurement and visual
assessment of ileal Crohn’s disease activity by CT enterography:
correlation with endoscopic severity and C-reactive protein. Gut
2006;55(11):1561–7.
(25) Boudiaf M, Jaff A, Soyer P, Bouhnik Y, Hamzi L, Rymer R,
et al. Small-bowel diseases: prospective evaluation of multi–
detector row helical CT enteroclysis in 107 consecutive patients.
Radiology 2004;233(2):338–44.
(26) Bruining DH, Siddiki HA, Fletcher JG, Tremaine WJ, Sandborn
WJ, Loftus Jr EV. Prevalence of penetrating disease and
extraintestinal manifestations of Crohn’s disease detected with
CT enterography. Inﬂammatory Bowel Dis 2008;14(12):1701–6.
(27) Siddiki HA, Fidler JL, Fletcher JG, Burton SS, Huprich JE,
Hough DM, et al. Prospective comparison of state-of-the-art MR
enterography and CT enterography in small-bowel Crohn’s
disease. AJR 2009;193:113–21.
(28) Sangeet G, John P, Sadeep G, O’Malley ME, Khalili K, Stephens
M. Primary gastrointestinal lymphoma: spectrum of imaging
ﬁndings with pathologic correlation. RadioGraphics
2006;27:1371–84.
